Abstract. The homeobox A (HOXA) family of genes is responsible for segmental development of the female reproductive tract during embryogenesis. However, HOXA10 has been shown to be essential not only for uterus development, but also for implantation. Persistent expression and steroid-dependent regulation of this gene has been demonstrated in adult human, primate, murine and canine uteri. Moreover, HOXA10-dependent expression of prostaglandin H synthase-2 (PGHS-2), a key enzyme in prostaglandin production, has been previously detected. The role of the HOXA10 gene in the porcine uterus is not well established. Therefore, the present studies were undertaken to 1) examine the effect of E2 and P4 on HOXA10 mRNA and protein content in the endometrium collected on day 9 of the estrous cycle and 2) determine the PGHS-2 protein expression and PGE2 and PGF2α secretion from endometrial tissue in response to steroid treatment. Endometrial explants collected from mature gilts on day 9 of the estrous cycle were incubated with E2 (1-100 nM), P4 (10-1000 nM) or E2 (10 nM) and P4 (100 nM) for 24 h. E2 alone or E2 in the presence of P4 increased HOXA10 mRNA expression in the endometrium (P<0.05). The HOXA10 protein level was upregulated in response to E2, P4 and both steroids administered simultaneously (P<0.05). Moreover, E2 and P4 stimulated PGHS-2 protein expression in cultured endometrial explants. PGE2, but not PGF2α, secretion increased in the presence of E2 (P<0.05). However, the release of both prostaglandins was decreased after treatment of endometrial explants with the highest dose of P4 (P<0.01). These results demonstrate that E2 and P4 are important regulators of HOXA10 gene expression in the adult porcine endometrium during the mid-luteal phase of the estrous cycle. Additionally, the similar profiles of endometrial HOXA10 and PGHS-2 expression in the presence of E2 and P4 indicate that both genes are simultaneously regulated by steroids in the porcine uterus. Key words: Endometrium, Estradiol, HOXA10, PGHS-2, Pig, Progesterone, Prostaglandins (J. Reprod. Dev. 56: [643][644][645][646][647][648] 2010) he uterine endometrium is one of the most dynamic tissues in the organism, undergoing morphological and physiological changes during each estrous cycle. Disorders in endometrial development may lead to lack of or improper implantation, pregnancy failure or infertility. Among the different hormones, estradiol (E2) and progesterone (P4) of ovarian origin are crucial regulators of endometrial receptivity and embryo-maternal cross-talk in many species [1] [2] [3] [4] . It is obvious that the action of P4 in priming the uterus is absolutely essential to attain uterine receptivity for implantation, but the requirement of E2 of ovarian origin is speciesspecific [1]. However, the molecular mechanisms that direct the ordered proliferation, differentiation and cell death associated with the normal menstrual or estrous cycles are still not well characterized. Good candidates for regulation of gene expression in the endometrium are homeobox A (HOXA) genes. Products of these genes function as transcription factors that play essential roles in the regulation of morphogenesis and tissue differentiation during embryogenesis [5, 6] . HOX genes are vertebrate homologs of Drosophila melanogaster homeotic genes that determine the identity of specific body segments [5] . The HOXA family of genes is responsible for segmental development of the female reproductive tract [7] . HOXA10 has been shown to be essential not only for uterine development, but also for implantation [8] . This gene has been shown to be expressed in adult murine [9] , canine [10], primate [11], human [8, 9], and more recently porcine [12, 13] uteri. In pigs, HOXA10 protein was localized in the luminal and glandular epithelium, stroma and blood vessels of the endometrium, but also in the myometrium of the uterus [13] . Mice with targeted mutation of the Hoxa10 gene exhibit implantation failures [14] . In the human endometrium, the HOXA10 gene demonstrates a spatiotemporal pattern of expression throughout the menstrual cycle, with greater expression in the mid-and late-secretory phases, which correspond with the time of implantation in humans [8] . In the murine endometrium, Hoxa10 is expressed in a cycle-dependent manner and is regulated by P4 [15, 16] . Furthermore, the expression of Hoxa10 is increased at the time of implantation and is maximal during decidualization, indicating its important role during pregnancy establishment in the mouse [15] . Moreover, mice with targeted mutation of the Hoxa10 gene exhibit failure of or abnormal implantation and inhibition of stromal cell decidualization [14, 17] . In some females, embryos develop to hatching but fail to implant. However, the majority of embryos commence implantation but are resorbed early in the post-implantation period [14] . Moreover, HOXA10 expression is regulated by P4 and/or E2 in human [8] Recently, E2-stimulated expression of HOXA10 gene was observed in uteri of postnatal day 14 piglets [12] .
(J. Reprod. Dev. 56: [643] [644] [645] [646] [647] [648] 2010) he uterine endometrium is one of the most dynamic tissues in the organism, undergoing morphological and physiological changes during each estrous cycle. Disorders in endometrial development may lead to lack of or improper implantation, pregnancy failure or infertility. Among the different hormones, estradiol (E2) and progesterone (P4) of ovarian origin are crucial regulators of endometrial receptivity and embryo-maternal cross-talk in many species [1] [2] [3] [4] . It is obvious that the action of P4 in priming the uterus is absolutely essential to attain uterine receptivity for implantation, but the requirement of E2 of ovarian origin is speciesspecific [1] . However, the molecular mechanisms that direct the ordered proliferation, differentiation and cell death associated with the normal menstrual or estrous cycles are still not well characterized. Good candidates for regulation of gene expression in the endometrium are homeobox A (HOXA) genes. Products of these genes function as transcription factors that play essential roles in the regulation of morphogenesis and tissue differentiation during embryogenesis [5, 6] . HOX genes are vertebrate homologs of Drosophila melanogaster homeotic genes that determine the identity of specific body segments [5] . The HOXA family of genes is responsible for segmental development of the female reproductive tract [7] . HOXA10 has been shown to be essential not only for uterine development, but also for implantation [8] . This gene has been shown to be expressed in adult murine [9] , canine [10] , primate [11] , human [8, 9] , and more recently porcine [12, 13] uteri. In pigs, HOXA10 protein was localized in the luminal and glandular epithelium, stroma and blood vessels of the endometrium, but also in the myometrium of the uterus [13] . Mice with targeted mutation of the Hoxa10 gene exhibit implantation failures [14] . In the human endometrium, the HOXA10 gene demonstrates a spatiotemporal pattern of expression throughout the menstrual cycle, with greater expression in the mid-and late-secretory phases, which correspond with the time of implantation in humans [8] . In the murine endometrium, Hoxa10 is expressed in a cycle-dependent manner and is regulated by P4 [15, 16] . Furthermore, the expression of Hoxa10 is increased at the time of implantation and is maximal during decidualization, indicating its important role during pregnancy establishment in the mouse [15] . Moreover, mice with targeted mutation of the Hoxa10 gene exhibit failure of or abnormal implantation and inhibition of stromal cell decidualization [14, 17] . In some females, embryos develop to hatching but fail to implant. However, the majority of embryos commence implantation but are resorbed early in the post-implantation period [14] . Moreover, HOXA10 expression is regulated by P4 and/or E2 in human [8] , primate [11] , murine [15] , and canine [10] uteri.
Recently, E2-stimulated expression of HOXA10 gene was observed in uteri of postnatal day 14 piglets [12] .
Prostaglandins (PGs) produced by the uterus play an essential role in regulation of the estrous cycle and during maternal recognition of pregnancy in many species, including the pig [4, 18] . The rate-limiting enzyme in PG production is prostaglandin H synthase (PGHS; also known as cyclooxygenase), which catalyzes the conversion of arachidonic acid to PGH2 [19] , the common substrate for various PGs. Expression of PGHS-2 in the endometria of cyclic and early pregnant gilts has previously been demonstrated [20, 21] . Interestingly, Hoxa10 null mice lack Pghs2 expression in stromal cells of the endometrium. In contrast, the Hoxa10 gene is expressed in Pghs2 null mice, which suggests Hoxa10-dependent expression of this key enzyme in PG production [17, 22] . Therefore, the present studies were performed to 1) examine the effect of E2 and P4 on HOXA10 mRNA and protein content in the endometrium collected on day 9 of the estrous cycle and 2) determine the PGHS-2 protein expression and PGE2 and PGF2α secretion from endometrial tissue in response to steroid treatment.
Materials and Methods

Animals and tissue collection
Research was conducted in accordance with the national guidelines for agricultural animal care and approved by the Animal Ethics Committee, University of Warmia and Mazury in Olsztyn, Poland. Crossbred gilts of similar age and expressing two regular estrous cycles were obtained from one commercial herd for use in this study. The gilts were observed daily for estrus behavior and slaughtered (n=4) on day 9 of their third estrous cycle. Uteri were obtained within 20 min after exsanguination and transported on ice to the laboratory.
Endometrial explants culture
Uterine horns were washed twice with sterile phosphate buffered saline (PBS; 137 mM NaCl, 27 mM KCl, 10 mM Na2HPO4, 2 mM KH2PO4; pH 7.4). Endometrial tissue from the middle portion of a randomly selected horn was cut into small pieces (20-25 mg) and washed with Medium 199 (Sigma-Aldrich, St Louis, MO, USA). A total of 100-110 mg of tissue was placed into each glass vial containing 2 ml of Medium 199 supplemented with 0.1% BSA (ICN Biomedicals, Costa Mesa, CA, USA; w/v), 5% charcoalstripped newborn calf serum (NCS; v/v; Sigma-Aldrich) and antibiotics (100 IU/ml penicillin and 100 μg/ml streptomycin).
Endogenous steroids were removed from the NCS according to the method described previously [23] . The endometrium was incubated for 16 h in a shaking water bath at 37 C in a humidified atmosphere of 95% air: 5% CO2.
After preincubation, tissue was treated with fresh Medium 199 only (control; no steroids), E2 (1, 10 or 100 nM; Sigma-Aldrich), P4 (10, 100 or 1000 nM; Sigma-Aldrich) or 10 nM E2 plus 100 nM P4, supplemented with 5% charcoal-stripped NCS and incubated for the next 24 h. Additionally, arachidonic acid (AA; Sigma-Aldrich) at a dose of 20 μg/ml was used as a positive control for PG secretion. All treatments were performed in duplicate in four independent experiments. After incubation, the medium was collected and stored at -40 C for further analysis of PGE2 and PGF2α. Endometrial strips were snap-frozen in liquid nitrogen and stored at -80 C for RNA and protein extraction.
Total RNA isolation and real-time PCR
Total RNA was extracted from endometrial tissue explants using a Total RNA Prep Plus kit (A&A Biotechnology) and treated with DNase I (Invitrogen Life Technologies, Carlsbad, CA, USA) according to manufacturer's instructions. Then, samples were reverse transcribed using a High Capacity cDNA Reverse Transcription kit (Applied Biosystems, Foster City, CA, USA) as previously described [13] . Briefly, the RT reaction was performed in a total volume of 40 μl containing 1× RT Buffer, 1 mM dNTP mix, 2.5 μM RT Random Primers, 1 U/μl RNase inhibitor and 2.5 U/μl MultiScribe ™ Reverse Transcriptase. It was carried out at 25 C for 10 min, 37 C for 120 min and then 85 C for 5 sec. Real-time PCR was performed with an ABI Prism 7300 sequence detection system using Power SYBR Green PCR master mix (Applied Biosystems), as described previously [13] . Each real-time PCR reaction contained 3.5 μl of diluted RT product, 0.5 μM of each forward and reverse primer and 12.5 μl of Power SYBR Green PCR master mix. To evaluate mRNA levels, specific primers were used (Table 1) . For quantification, standard curves consisting of serial dilutions of the appropriate purified cDNA were included. The following PCR conditions were used: initial denaturation for 10 min at 95 C, 37 cycles of 15 sec of denaturation at 95 C and 30 sec of annealing at 59 C and then 60 sec of elongation at 72 C. After each PCR reaction, melting curves were obtained by stepwise increases in the temperature from 60 to 95 C to ensure amplification of a single product. Data obtained from the real-time PCR were normalized against GAPDH.
Protein extraction and western blot analysis
Endometrial tissues were homogenized in 500 μl of ice-cold homogenization buffer (50 mM Tris-HCl, pH 8.0; 150 mM NaCl;
1% Triton X-100; 1 mM EDTA) containing 10 μl/ml Protease [25] .
Western blot was performed as previously described [13, 21] .
Briefly, equal amounts of samples (50 μg) were separated on 10%
(for PGHS-2) and 12% (for HOXA10) SDS-polyacrylamide gel electrophoresis. Separated proteins were electroblotted onto a 0.2-μm nitrocellulose membrane, blocked with 5% non-fat dry milk in TBS-T buffer (Tris-buffered saline, containing 0.1% and incubated overnight with rabbit anti-HOXA10 (1.5 μg/ml;
Abcam, Cambridge, UK), rabbit anti-human PGHS-2 (anti-COX-2; 1:200; Cayman Chemical, Ann Arbor, MI, USA) or rabbit antihuman GAPDH (0.4 μg/ml; Abcam) at 4 C. After washing in TBT-T, membranes were incubated with anti-rabbit alkaline phosphatase-conjugated antibodies (1:20,000; A3812, Sigma-Aldrich). Immune complexes were visualized using an alkaline phosphatase visualization procedure. Western blots were quantitated using the Kodak 1D software (Eastman Kodak, Rochester, NY, USA). GAPDH was used as an internal control for protein loading
EIA of PGE2 and PGF2α
Concentrations of PG in the incubation medium were determined by direct EIA [26] . Anti-PGE2 antibodies (P-5164; SigmaAldrich) developed in rabbits were used at a dilution of 1:300. The cross-reactivities of the anti-PGE2 serum were as follows: PGA1, PGA2, PGB1 and PGB2 <50% and PGF1α and PGF2α <20%. The sensitivity of the assay was 0.39 ng/ml. The intra-and interassay coefficients of variation were 10.9 and 14.6%, respectively. Anti-PGF2α antibodies (P-5539; Sigma-Aldrich) developed in rabbits were used at a dilution of 1:60. The cross-reactivities of the anti-PGF2α serum were as follows: PGF1α 60%, PGE1 and PGE2 <0.1% and PGA1, PGA2, PGB1 and PGB2 <0.01%. The assay sensitivity was 0.11 ng/ml, and the intra-and interassay coefficients of variation were 10.8 and 12.9%, respectively.
Statistical analysis
Statistical analyses were conducted using one-way ANOVA followed by Bonferroni post hoc tests (GraphPad Prism v. 5.0, GraphPad Software, San Diego, CA, USA). Because of high variability, the data for HOXA10 and PGHS-2 protein expression in the endometrial tissue and PG content in the medium were log transformed. All numerical data are expressed as means ± SEM and differences were considered to be statistically different at P<0.05.
Results
The endometrial expression of HOXA10 mRNA increased after treatment of explants with E2 (Fig. 1A) . The effective doses were 10 (P<0.05) and 100 nM (P<0.01; when compared with the control value). A stimulatory effect was also observed when E2 and P4 were added simultaneously (P<0.05). P4 alone did not affect the expression of HOXA10 mRNA. However, the content of HOXA10 protein was elevated in the presence of 100 nM E2, 100 nM P4 and E2 plus P4 (P<0.05; Fig. 1B ). Fig. 2 shows the effect of steroids on PGHS-2 protein content. Only the highest dose of E2 used (100 nM) resulted in elevated expression of PGHS-2 (P<0.05). Moreover, P4 at the dose of 100 nM stimulated PGHS-2 expression in the studied tissue. The basal secretions of PGE2 and PGF2α from endometrial explants (not exposed to steroids) were 32.7 ± 0.3 ng/ml and 244.1 ± 32.0 ng/ml, respectively (Fig. 3) . E2 at the dose of 10 nM stimulated PGE2 secretion from the endometrium (P<0.05), but P4 at the highest dose used (1000 nM) decreased (P<0.01) PGE2 secretion from the endometrium. The profile of PGF2α release was similar to that for PGE2, but only the highest dose of P4 was effective (P<0.001). AA, used as a positive control for PG production, resulted in 3-fold increases in secretion of both the studied prostaglandins into the incubation medium (P<0.001).
Discussion
In many species, including pigs, E2 and P4 control functional changes in the uterine endometrium during the estrous cycle and early pregnancy [2, 4, 27] . Recently, much attention has been focused on transcription factors that might mediate steroid action in endometrial tissue. Among the different genes, HOXA10 is being intensively studied. Although HOXA genes are typically considered to be expressed during embryonic development, their persistent expression has been observed in the uteri of humans [8, 9] , primates [11] , mice [9] and bitches [10] . Recently, we determined the HOXA10 gene expression in the endometrium of adult pigs during the estrous cycle and early pregnancy [13, 28] . However, there is little information concerning hormonal regulation of the expression of this gene in the pig. Estradiol-stimulated increase of HOXA10 transcripts was detected in neonatal porcine uteri [12] . Since HOXA10 has been implicated in development and proliferation of uterine tissue during the menstrual/estrous cycle [7, 8, 11] , the current study was undertaken to determine the effect of sex steroids in the regulation of HOXA10 gene expression in the pig. The present study revealed that E2 alone and E2 in the presence of P4 increased HOXA10 mRNA and protein expression in the endometria collected from adult pigs. These results are consistent with the data obtained previously in humans by Taylor et al. [8] , who showed an increase in HOXA10 mRNA levels in primary stromal cells in response to E2, but also E2 plus P4. A similar effect was observed in Ishikawa cells, which serve as a model of the endometrial epithelium [8] . The findings observed in vitro have been confirmed in vivo in different species, where the endometrial expression of HOXA10 parallels rising E2 concentrations. In the canine uterus, the expression of HOXA10 mRNA is significantly higher at estrus than at anestrus. Moreover, E2 significantly increased the HOXA10 content in the glandular epithelium after treatment of ovariectomized bitches with this hormone [10] . It has been suggested that E2-stimulated activation of HOXA10 gene expression is mediated through an estrogen response element (ERE), which was localized in the human HOXA10 gene [29] . Similar studies should be conducted in the pig to determine if E2 acts directly on HOXA10 promoter activity or if its action is mediated through another biological factor. The present experiments showed that P4 alone had no effect on HOXA10 mRNA expression, but increased HOXA10 protein content. These results differ partially from results obtained in humans [8] , primates [11] and bitches [10] , where P4 highly modulated HOXA10 mRNA expression both in vitro and in vivo. In general, our results are consistent with the theory that P4 is an important regulator of HOXA10 expression in the uterus because P4 alone elevated HOXA10 protein content in the porcine endometrium. In humans, HOXA10 mRNA levels increase dramatically in the midsecretory phase at the time when P4 levels rise rapidly [8] . A parallel increase in HOXA10 transcripts is observed in cell culture experiments in which both primary stromal cells and Ishikawa cell lines are treated with P4. A dose-dependent effect across physiological concentrations (0.1-1000 nM) of P4 on HOXA10 expression has been detected in stromal cells [8] . Similar doses of P4 were used in our experiment; however, no treatment effect on the mRNA level was observed in comparison with the control value. Taylor et al. [8] used cells isolated from the endometrium collected during the proliferative phase of the menstrual cycle, which is when the P4 concentration in peripheral blood is low. Our studies were conducted on the endometrium obtained during the luteal phase of the estrous cycle, which is when the plasma P4 concentration is high [30, 31] . Therefore, it is possible that the action of high amounts of endogenous P4 caused the porcine endometrium to become refractory to some extent to an in vitro effect of this steroid. Moreover, the possibility that the period from receptor binding to the initiation of transcription and/or translation differs for P4 and E2 cannot be excluded. This could result in the earlier HOXA10 mRNA degradation observed in the P4-treated samples. Therefore, further studies on the time-dependent effects of both steroids on HOXA10 expression in endometrial cells are needed. The presence of P4 receptor and estrogen receptor was documented for the porcine endometrium throughout the estrous cycle with higher levels in the luteal phase compared with the follicular phase. Moreover, the concentrations of progesterone and estrogen receptors decrease rapidly after day 10 and 12 of the estrous cycle, respectively [32, 33] . Therefore, we decided to study the effects of E2 and P4 on day 9 of the estrous cycle, which is when the production of P4 is stable and its receptors are present in both epithelial and stromal endometrial cells. P4 receptors are absent in the luminal epithelial cells of cyclic pigs after day 12 [33] . Our recent data showed that HOXA10 expression was increased in response to P4 in primary stromal cells collected on day 12 after estrus (A. Blitek, unpublished) . This discrepancy in P4 effects on HOXA10 expression on days 9 and 12 after estrus may be a result of changes in the sensitivity of different endometrial cells to P4 action. Beginning from day 12, stromal cells are the main target for P4, which is critical for temporal and spatial changes in gene expression within the uterus in order to prepare this tissue for implantation. Since HOXA10 functions as a transcription factor that regulates expression of several genes, it is possible that P4 may differentially regulate HOXA10 expression at the mid-and late-luteal phases to control uterine function. Moreover, the expression of HOXA10 in the porcine endometrium was decreased on day 12 of pregnancy in gilts with gonadotropininduced estrus, which coincided with a lower peripheral concentration of P4 in these animals [13] . This may suggest P4-regulated HOXA10 expression in the porcine uterus. In humans, the effect of ovarian steroids on HOXA10 expression in vitro could be blocked by the addition of a specific antagonist [8] , suggesting that steroids have a direct effect on endometrial HOXA10 expression. Similar results were obtained in vivo in experiments conducted on the endometrium of the bonnet monkey. Treatment of monkeys with onapristone at a dose that is known to block endometrial receptivity without affecting the hypothalamuspituitary-ovarian axis resulted in reduced expression of HOXA10 in the luminal epithelium, stroma and glands [11] .
Dynamic changes in the morphology and molecular profile in the porcine uterus during the luteal phase in domestic species to prepare this tissue for implantation and further conceptus development are controlled by P4 and E2. Sustained stimulation of the porcine endometrium by P4 over 7-8 days causes a loss of progesterone receptors from the epithelium, which is highly associated with the development of endometrial receptivity for conceptus implantation [33] . Both P4 and E2 are important regulators of spatiotemporal elaboration of growth factors, cytokines, lipid mediators and transcription factors in the endometrium [1] . Although the molecular mechanisms by which P4 and E2 lead to structural and functional changes during each estrous cycle are poorly understood, HOXA10 has been identified as an important mediator of sex steroid action [7] . In the current study, increased expression of HOXA10 in response to E2 alone or in the presence of P4 was observed in the endometrium collected on day 9 after estrus. Since E2 is known to promote proliferation, it may act on the P4-primed porcine uterus to stimulate HOXA10, which in turn regulates expression of several other genes involved in endometrial growth and differentiation in order to prepare this tissue for implantation and pregnancy establishment. In gilts, developing conceptuses secrete estrogens to signal its presence in the uterus [34] , and the profile of E2 secretion by developing embryos coincides with estrogen receptor expression in the endometrium [32] . Changes occurred in the endometrium as a result of conceptus estrogen secretion include increased PGHS-2 expression [20, 21] and PGE2 secretion [35] . The existence of the Hoxa10 / Pghs2 / PGE2 axis has previously been shown in uterine tissues of mice. The loss of stromal Pghs2 expression in Hoxa10 null mice and the correct expression of Hoxa10 in Pghs2 null mice imply that Hoxa10 is functionally upstream of Pghs2 in the uterine stroma [17, 22] . The current study showed that E2 and P4 increased HOXA10 and PGHS-2 protein content in the porcine endometrium. In contrast to E2, the effect of P4 was not dose-dependent, with only the dose of 100 nM increasing both studied proteins. This observation indicates that the effect of P4 on endometrial gene expression is an intricate mechanism. The addition of the highest dose of P4 studied in the current experiment (1000 nM) had no effect on HOXA10 and PGHS-2 expression. Since this dose exceeds the physiological concentration of P4 found in blood plasma [37] , there is a possibility that some molecular mechanisms are activated to protect cells from consequences of genes overexpression. On the other hand, the similar response of endometrial cells to ovarian steroid action with higher expression of HOXA10 and PGHS-2 protein after treatment with E2 or P4 indicates that both genes are simultaneously regulated by steroids in the endometrium of the pig. However, based on the present results, it is not clear if upregulation of HOXA10 expression is a prerequisite for increased PGHS-2 expression as was demonstrated for mice. Therefore, further more detailed studies should be performed to evaluate the mechanisms of expression of both genes and to verify if HOXA10 binds to PGHS-2 gene promoter in the pig endometrium.
In the present study, the secretion of both PGs was decreased in the presence of the highest dose of P4 used. This result differs from those of previous studies conducted in vitro on endometrial explants collected on days 12-14 of the estrous cycle, where P4 had no effect on either PGE2 or PGF2α secretion into medium [36] . The reason for the observed discrepancy may result from the different day of the estrous cycle studied, but it may also result from the different experimental approach. In our study, the endometrium was treated with P4 for 24 h, whereas Franczak and Bogacki [36] incubated endometrial strips for 6 h. Moreover, in the present experiment, endometrial explants were incubated in the presence of 5% charcoal-stripped NCS, which may also influence the secretory properties of studied cells. The physiological importance of the obtained results may be related to important role of P4 as the main hormone that regulates the production and release of different biological molecules in the endometrium in order to prepare this tissue for implantation [2, 4] . Therefore, the inhibitory effect of P4 on the release of PGs observed in the current study may protect the uterus from luteolysis. The present results are in agreement with the low endometrial synthesis of PGs at this day of the estrous cycle [31, 38] .
To our knowledge, this is the first report demonstrating the direct effect of E2 on HOXA10 mRNA and protein expression in the endometrium of the adult gilt. P4 had no effect on the HOXA10 mRNA level but stimulated the HOXA10 protein content. Additionally, the similar profiles of endometrial HOXA10 and PGHS-2 expression in the presence of E2 and P4 suggests that both genes may be simultaneously regulated by steroids in the porcine uterus during the mid-luteal phase of the estrous cycle. However, further studies should be undertaken to explain the mechanism of steroidstimulated HOXA10 expression in this tissue.
